Objectives: This study compared the clinical and radiological outcomes of two different methods for the treatment of distal radial intra-articular fractures. Patients and Methods: Forty-six patients with distal radius intra-articular fractures were divided into two groups. Group I included 24 patients with type C fracture treated by external fixator augmented by percutaneous K-wires. Group II included 22 patients with type C fracture treated by volar locked distal radial plate augmented by K-wires. Two patients had complex injuries necessitating double plating (sandwich). All patients were evaluated clinically by Mayo Wrist Score and radiologically by Sarmiento's radiological score. Results: Both groups reported good personal satisfaction according to Mayo Wrist Score, and the results were not statistically different between the two groups. In Group I, 19 patients (79.2%) had excellent radiological outcome and five patients (20.9%) had good radiological outcome according to Sarmiento's radiological score. In Group II, 20 patients (90.9%) had excellent outcome, and two (9.1%) had good radiological outcome; there was no or insignificant deformity. Conclusions: Complex distal radial fractures can be treated either by external fixation (ligamentotaxis) or by locked pre-contoured plating. The clinical outcome of plating and external fixator in our study did not show any statistically significant difference. The radiological outcome had no correlation with the clinical outcome.
Introduction
Intra-articular fractures of the distal radius represent a therapeutic challenge compared to unstable extra-articular fractures [1] . These fractures can be managed either by external fixation with Kirschner wire (K-wire) [2] or by open reduction and internal fixation (ORIF) using volar fixed angle locked plate, which is also used for treating unstable fractures [3] [4] . Clinical outcome of the distal radius fractures (limited range of motion, reduced grip strength, and radiographic abnormalities) does not always reflect the pain and disability of the injured wrist [5] [6] .
The purpose of this study was to compare the clinical and radiological outcomes of the treatment of intra-articular distal radial fractures by external fixator with K-wire versus open reduction and internal fixation using distal radius locked plate.
Patients and Methods
All patients included in this study had signed consent to be enrolled in this study and ethical committee of our institution had an agreement for this work This multicentre, retrospective study included 46 patients aged below 50 years, who had intra-articular distal radial fractures. All patients are active working and have no chronic diseases (Hypertension, Diabetes, renal or liver diseases).
All patients had been treated either by external fixator (ligamentotaxis) augmented by percutaneous K-wires or by ORIF using distal radius locked plate. Twentyfour patients (52.2%) were treated by external fixator (ligamentotaxis) using K-wires (Group I) and 22 patients (47.8%) were treated by ORIF using distal radius locked plate (Group II).
Group I included 24 patients (52.2%); 20 were male patients (83.3%) and four were female patients (16.7%); their age ranged from 23 to 47 years, with a mean age of 32.1 years. Fractures were classified according to Müller (AO) classification as type C2 (n = 3, 12.5%), and type C3 (n = 21, 87.5%). Reasons for fracture were motor vehicle accident in 19 patients (79.2%), and fall from height in five patients (20.8%). There were 23 dominant hand fractures (95.8%) and one bilateral hand fracture (4.2%). Distal Radio Ulnar Joint (DRUJ) dissociation was observed in 11 patients (45.8%), and was more frequently sustained by those involved in high velocity motor vehicle accidents. Associated injuries were recorded in the form of spinal fracture and lower limb fracture in five patients (20.8%), and were managed by the same medical team at the same study center (Table 1 ).
Group II included 22 patients (47.8%); their age ranged from 21 to 47 years, with a mean age of 35.8 years. There were 19 male patients (86.4%) and three female patients (13.6%). Eighteen fractures (81.8%) were type C3 and four fractures (18.2%) were type C2. Reasons for injury were fall from height in three patients (13.6%) and motor vehicle accident in 19 patients (86.4%). All patients had dominant hand fracture, with no bilateral fractures or associated injuries. DRUJ injuries were observed in 14 patients (63.6%). 
Methods
Group I: The surgical technique for all the patients of this group was the same and was performed by the same surgical team. All fractures were characterized by disfigurement of the articular surface, bone loss, and shortening of the affected radius. After reduction, the application of the fixators was in the dorsal plane. Pins were inserted through small incisions, two proximal to the fracture in the distal radius and two distal in the shaft of the second metacarpal bone.
These pins were inserted at an angle of 60˚ to the horizontal plane. Augmentation with K-wires was required in majority of the cases in order to hold the provisionally restored articular fragments. The reduction was monitored and confirmed by fluoroscopy ( Figure 1 ). DRUJ instability (DRUJI) was checked intra-operatively by manual testing after completion of the surgery in all cases. We reduced radioulnar joint injury for 11 patients (45.8%) by using medial K-wire, and if the joint was still instable, the transfixing wire through DRUJ was retained for 6 weeks. The external fixator frames were removed after 6 to 8 weeks for all patients; however K-wires were not removed until complete consolidation of the fractures occurred. Wrist joint mobilization was allowed after removal of the external fixator frame, regardless of the removal of the wire or its retention until 2 weeks. Group II: The patients of this group were treated by ORIF using distal volar radial locked plate. After reduction, K-wires were placed through the radial styloid provisionally, if required. An anterior locking plate was then positioned. Post-operative care for the external fixator group was recommended to control pain and edema and to maintain the range of motion in the fingers, elbow, and shoulder. All patients were encouraged to perform their routine activities by themselves, to the extent possible.
For internal fixation plate group, the splint below the elbow was retained for at least 6 weeks post-operatively. These patients were treated with medication to control pain and edema for 2 weeks. After the removal of the splint, they were encouraged to move the elbow and shoulder with passive motion of the wrist.
After 8 weeks, the patients were encouraged to perform their daily activities entirely by themselves.
Results
All the patients were followed up clinically and radiologically 12 -26 months with average 17.4 months ( Table 2) . Mayo Wrist Scoring System was used for clinical evaluation of both groups (Table 3 ); Sarmiento's radiological score was used for radiological evaluation [7] . All patients were followed up from 12 -24 months (average 17.3 months).
Statistical Analysis
Statistical analyses of data were performed using SPSS 15 and PASTA software.
Group I: The mean score for pain at the last follow-up was 23.9 ± 2.0; the mean score for satisfaction was 23.1 ± 2.4; the mean grip strength was 17.29 ± 4.6; the mean value for the range of motion (ROM) was 16.8 ± 4.3; the mean score representing the final outcome was 82.2 ± 9.2.
Group II: The mean score for pain at the last follow-up was 24.09 ± 1.9; the mean score for satisfaction was 23.6 ± 2.2; the mean grip strength was 20.4 ± 5.9; the mean value for ROM was 18.6 ± 4.9; the mean score for the final outcome was 87.04 ± 6.6.
The final clinical outcome, according to Mayo wrist Score, is classified as follows: 90 -100 = Excellent, 80 -89 = Good, 65 -79 = Fair, and less than 65 = Poor (Table 4) .
T-test was used to compare the two groups and there were no significant differences for pain (P = 0.74), satisfaction (P = 0.076), ROM (P = 0.856), and the grip strength (P = 0.805). Correlation analysis showed that personal satisfaction was not correlated with final outcome among patients of both groups (Table 5) , In this study, we treated two groups with intra-articular fractures either by external fixator augmented by K-wires (Group I) or by ORIF by using volar locked plates and K-wires (Group II). The decision for treatment depended on the surgeons' preferences and equipment availability at each study center.
Discussion
According to the Mayo Wrist Scoring System used for evaluating the clinical outcome, significant differences did not exist for pain between the two groups in our study at the final follow-up (P = 0.006).
McQueen [8] in his randomized, prospective study compared the effectiveness of non-bridging and bridging external fixator in restoring the normal anatomy, carpal alignment, and hand function for the treatment of intra articular distal radial fractures. He had conducted the evaluations immediately after the surgery and showed that non-bridging external fixation achieved significantly better radial length compared to bridging fixation. It was reported that the pain outcome measures between the bridging and non-bridging fixator were similar during the initial analysis and after 1 year of follow-up. There were no significant differences between both groups for the carpal pain at the final follow-up.
In evidence based medicine (EBM), the amount of pain among patients treated with external fixation compared to that among patients treated by closed reduction and casting did not show significant difference until the first year [9] . A consensus remains to be reached regarding the choice of bridging or non-bridging methods in the external fixator treatment for distal radial fractures. Atroshi et al.
in 2006 reported that non-bridging external fixation had no clinically relevant advantage over wrist-bridging fixation, but was more effective in maintaining radial length [10] .
Huang et al. [11] in their study, treated 70 cases of intra-articular fractures of the distal radius by closed reduction and external fixation using small AO external fixators. They recommended that bridging external fixation is a more suitable and reliable method for the management of intra-articular distal radial fractures than non-bridging fixation. They concluded that meticulous reduction and rigid fixation, achieved on treatment with small AO external fixator, are the key factors that contributed to the good final clinical outcomes observed in their study.
A prospective cohort study tried to predict the association of pain with age, gender, co-morbidity, level of education, and claim of compensation. This study also analyzed the correlation of clinical outcome to that of radiological outcome.
The authors reported that the baseline characteristics of the patients and the injuries in extra-articular distal radial fractures had a minor role in predicting the patients likely to develop pain and disability after 1 year [12] .
In the present study, we did not find any significant difference in the final outcome between the two groups, while evaluating the correlation of different parameters with the final outcome. This is in agreement with the results of the prospective, randomized study by Rosental et al. [13] , where the final outcome of unstable comminuted distal radial fractures treated by open reduction and internal fixation using volar plates was compared with outcomes of using percutaneous K-Wires fixation. They found that there was no significant difference for the final outcome according to the DASH score. On the contrary, they concluded that the volar plate for the distal intra-articular radial fractures offered faster recovery for patients requiring a faster return to function after injury.
We did not observe any significant correlation between the radiological and clinical outcomes among patients in this study. The information regarding the factors influencing the final outcome among patients with intra-articular distal radial fractures is conflicting in the existing literature. This also implies that neither limitations to the fracture construct nor reliability of radiographic measurements were responsible for the limited prediction of the final outcome in the previous studies.
Kasapinova and Kamiloski [14] found no significant statistical correlation between the radiographic parameters and the patient-rated outcome (disability). fracture, more than BMD, which can cause more severe fractures [16] .
In our study, routine evaluation of the DRUJ and transfixing wire was performed for the cases that required attention in both groups. Reduction of the joints with transfixing wires improved the outcome, as it reduces the complications. DRUJ reduction is considered the cornerstone for the reduction of comminuted distal radial fracture. Injury of the DRUJ has been classified into high energy or low energy trauma according to Fernandez and Jupiter [17] classification Fernandez and Jupiter based their classification on two main parameters; they considered soft tissue injury and DRUJ injury as the main factors which affect the outcomes of treatment for intra-articular fractures of distal radius.
De la Torra et al. [18] studied 12 cases with type 1 DRCJI and reported that the surgically treated DRCJI cases did not have better outcome than non-surgically treated cases.
In our study, 10% of the ORIF group was treated with double plating (sandwich plate). Ring et al. [19] studied 25 patients who had complex comminution of both the articular surface and the metaphysis (Type C3.2) associated with distal radial fractures. They were treated by double plating method, and 96% of the cases reported either good or excellent results according to the rating system of Gartland and Werley.
Day et al. [20] reported the results of 12 patients who were treated by double plating, whose functional outcome were evaluated by DASH questionnaire and Gartland and Werley scoring system. They reported that 70% of the patients had good or excellent outcome. The need for the removal of plates or tendon rupture among these patients until the final follow up was not observed.
Farhan et al. [21] reviewing data of 24 patients with severe comminuted fracture of distal radius treated by double plating, reported complications such as tendon rupture, carpal tunnel syndrome, infection and non-union, in addition to the early removal of dorsal plate among four patients. Besides, they concluded that double plating has the advantages of early motion and good outcome.
We did not notice any clinical complications that necessitate more interventions among our study patients. On the contrary, radiological outcome showed no correlation to the clinical outcome in our study.
Conclusion
Complex distal intra-articular radial fractures can be treated either by external fixator or by locked pre-contoured plating. Surgical techniques are demanding 
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